INTRODUCTION
Ampharetidae is a family of tube-dwelling polychaetes related to Terebellidae and Amphictenidae. They comprise over two hundred described species and are well represented in deep waters where food is scarce. Some years ago, a new species, Alvinella pompejana, was described by Desbruy~res & Laubier (1980) from the immediate vicinity of the warm hydrothermal springs east of the Galapagos Islands. As in other representatives of the family, the anterior body region carries numerous feeding appendages which presumably can be withdrawn completely into the mouth cavity into the roof of which they are inserted. Additionally, the anterior segments bear four pairs of branchiae composed of a stem and many filaments and arranged in lateral groups.
In the meantime, six species and subspecies of the recently erected subfamily Alvinellinae have been described. Desbruy~res & Laubier (in prep.) supposed that these are well separated from all other terebellomorph polychaetes due to the absence of a clear differentiation between thorax and abdomen, a character justifying the proposal of a new family, Alvinellidae. All of them are strictly associated with deep hydrothermal vents. Among them, A. pompe]ana, is the most thermophilous species of invertebrates currently known from this biotope. It can tolerate temperatures from 20 to 40 °C Desbruy~res et al., 1985) .
Most Ampharetidae are considered surface deposit-feeders (for literature see Fauchald & Jumars, 1979) . They stretch out of their tube spreading their tentacles over the substratum, and keep their branchiae up in the water. It is not certain whether the same is true of the above-mentioned species of hydrothermal vents. Electron microscopic analysis of A. pompejana has demonstrated the presence of coccoid and filamentous bacteria on various areas of their integument (Desbruy~res et al., 1983) . The microorganisms are especially numerous in the dorsal part of the body and on the posterior parapodia. Gaill et al. (1984a) were able to find them in four types of integumental associations. The functional significance of the epibiotic bacteria, however, is still an enigma. Alayse-Danet et aL (1985) suggest that some metabolite exchange between the microorganisms and their animal host occurs. Whereas the surface specializations of the posterior region and the tube have been analysed by transmission and scanning electron microscopy and microprobe analysis by several authors (Alayse-Danet et al., 1985; Desbruy~res et al., 1983; Gaill et al., 1984b; Laubier et al., 1983; Vovelle & Gafll, 1986) , investigations on the feeding appendages and gills are lacking, not only for this species, but for the whole family. Feeding tentacles of the related Lanice conchilega (Terebellidae) have been analysed ultrastructurally by Schulte & Riehl (1976) ; gills of various species, including Terebellidae and Amphictenidae, have been investigated by Storch & Alberti (1978) and by Menendez et al. (1984) . Receptor cells on the body appendages s. Dorsett & Hyde (1969) , Lawry (1967) , Michel (1970) , Storch (1972) . Findings on Ampharetidae are lacking. Mucous cells have been investigated by Bielakoff et al. (1975) , Dorsett & Hyde (1969) , Hausmann (1982) , Hilbig (1986) , Kryvi (1972) , Martin (1978) , Storch & Welsch (1972) , again excluding the aforementioned family.
Since the external appearance of gills varies widely within the family Ampharetidae (and within Alvinellinae/Alvinellidae), a second species having smooth branchiae, Amphicteis gunneri, was sectioned for comparison in this study.
MATERIAL AND METHODS
Alvinella pompejana was collected at a depth of 2600 m at 12 ° 48' N and 103 ° 56' W by the research submersible "Cyana". After retrieval to the surface, small pieces of the animals were fixed with 0.4 cacodylate-buffered glutaraldehyde (3 % final concentration) at pH 7.2 and then post-fixed with osmium tetroxide (1% final concentration). The material was embedded in Durcopan.
Amphicteis gunneri was collected in the Kattegat by the research vessel ,,Poseidon".
Pieces were immersed in ice-cold glutaraldehyde (3.5 % in phosphate buffer, pH 7.5). After post-fixation with 1% osmium tetroxide, the tissue was dehydrated in ethanol and embedded in Araldite.
Thin sections were stained for 5 min with uranyl acetate (saturated solution in 70 % methanol) and for a further 5 min in lead citrate (Reynolds, 1963) . The sections were examined in a Zeiss EM 9-S2 and Zeiss EM 10 C microscope.
RESULTS

Feeding appendages
The feeding appendages of Alvinella pompejana are retractile and filamentous.
Their subepidermal core contains a complicated musculature whose major constituents are longitudinal muscle cells in the centre and transverse muscle cells that link a ciliated area with the opposite side ( Fig. la) . Additionally, there are oblique muscle ceils and muscle cells spanning the inner and outer edges of the groove. The framework of the muscle cells may be filled with amebocytes, rather homogeneous blood cells ( Fig. 5d ) and by single hat-shaped cells which cannot be interpreted with certainty from our limited material. Their condensed nucleus which is associated with mitochondria suggests that they could represent extremely modified sperm ceils. Since these polychaetes successfully occupy the extreme habitats of the hydrothermat vents, direct transfer of (modified) sperm cells seems plausible. Immediately below the epidermis, collagen fibrils can be found. The ci]iated area occupies nearly one half of a cross-section. Normally it is concave forming a longitudinal groove. The whole of the tentacle epidermis is provided with secretory cells belonging to several types. The cuticle of these appendages is relatively thin (1-2 ~m), penetrated by numerous microvilli and covered by typical epicuticular projections (Fig. 2a, b) . Often, the fibrils follow a sinusoidal path (Fig. 2a) . In the ciliated groove the shape of the cells ranges from flat (in the centre) to prismatic (in the marginal position). Their cilia are constantly of the c o n v e n t i o n a l 9 + 2 formula. T h e i r rootlets are i n s e r t e d at an a n g l e of a b o u t 45 ° to the surface (Fig. 3a-c) and are a r r a n g e d m o r e or less p a r a l l e l to o n e another. The a d j a c e n t c y t o p l a s m is d o m i n a t e d b y a d e n s e p o p u l a t i o n of m i t o c h o n d r i a with a v e r y distinctive ultrastructure (Fig. 3d) . T h e i r cristae are often l o n g i t u d i n a l l y a r r a n g e d The supportive cells are prismatic, but have an irregular outline, which is due to their neighbouring cells (see below). Their nucleus is elongated, and in a central position. Apically, these cells have many dark mitochondria, which differ considerably from the aforementioned mitochondria of the ciliated cells (Fig. 5c) . Dictyosomes composed of about 10 cisternae, single cisternae of the rough endoplasmic reticulum, longitudinally arranged bundles of filaments, and vesicles of different sizes commonly occur in the cytoplasm.
Secretory cells can be classified as follows: (a) In this common cell type the rough endoplasmic reticulum is arranged as cisternae and occupies most areas of the cytoplasm (Fig. 4a-c) . Dictyosomes are arranged in the vicinity of the central cell nucleus. The secretory products are electron dense and globular. The mitochondria are large and dark; again these organelles differ from that previously described. If the bulk of the secretory products were not located basally, and if these cells had an opening into the cuticular face of the integument, then the ultrastructure of this cell type would correspond to a widespread cell type within marine invertebrates {Storch & Welsch, 1972) .
In fact, these cells were never found to reach the apical surface of the epithelium.
(b) The cytoplasm of this cell type is dominated by the secretory product and Golgi fields which are characterized by electron-lucent and alternating electron-dense areas (Fig. 4d, e) . The general outline of these cells is very irregular. The round nucleus is located in the lower third.
(c) Another cell type contains globular secretory droplets which are packed close together. Electron-dense dots are distributed all over the secretion, which is of medium electron-density (Fig. 3c) . The nucleus is located basally, the secretory product is the predominant feature of the cell.
(d) This cell type is slender; its cell body can be located in the sub-epithelial tissue extending a process to the surface. The nucleus occupies a basal or lateral position and is surrounded by a rim of cytoplasm. The distal part of the cell is dominated by electrondense secretory droplets.
Groups of about six interspersed slender bipolar cells with apical cilia (about 10 per cell) can be found. The cilia traverse the cuticle (Fig. 5a, b) and are of the ordinary 9 + 2 pattern. Below their basal bodies many mitochondria occur (Fig. 5b) , which are less dense than those of the supportive cells. In the immediate vicinity of the receptor cell aggregations, a single secretory cell with a very light secretion occurs (Fig. 5b) . Nerve cell processes can be found in a basiepithelial position.
Gills
The gills differ considerably from the feeding appendages. This applies to their shape and to their ultrastructure. They are pinnate, bearing very many thin outgrowths. Their cuticle is thick (5 ~tm) in their central stem (Fig. 2c ), but extremely thin (0.5 ~tm) in the pinnules (Fig. lb) . The cuticle of the stem is similar to the one described from the dorsal side of the body (Gaill & Bouligand, 1985) . Fibrils are aligned along right-handed or left-handed helices around the organ. Ultrastructurally, they resemble the gills of Terebellides as described by Storch & Alberti (1978) , which means that their epidermis is very irregular, infolded in circumscribed areas giving the blood access to a space coming The gills of Amphicteis gunneri are long and smooth appendages with thick cuticle (5-7 ~tm). At its surface, it carries epicuticular projections, which are similar to the ones described from Alvinella pompejana (Fig. 2d) . The epithelium is columnar and underlain with a thick layer of muscle cells.
DISCUSSION
The present investigation has shown that the so-called gills of Alvinella pompejana and Amphicteis gunneri are so different in their ultrastructure that their function can by no means be identical. The gills of Amphicteis gunneri have a very thick cuticle and prismatic epidermis cells which are underlain with musculature. Thus, they do not fulfil the demands of respiratory epithelia which are composed of flat cells that allow ~as exchange across the body surface merely by diffusion. On the other hand in the gills of Alvinelta pompejana, the distance between the integumental surface and the subepidermal blood spaces can be as small a 1 ~tm. This value corresponds to extreme cases reported for other polychaetes (Storch & Alberti, 1978) . This is of the same magnitude as diffusion distances in the mammalian lung, or in fish gills.
Polychaete gills can be classified as follows: (a) gills with true blood vessels bordered by epitheliomuscular cells.
(b) gills with partly opened vessels. The vessels are no longer tubular channels, but open out in the direction of the epidermis.
(c) gills with blood spaces directly below the surface epithelium, which are not lined by coelothelial cells.
(d) gills with blood spaces bulging deeply into the surface epithelium. Here, the greatest reduction of the distance between blood and water has been achieved. This lastmentioned type was found in Alvinella pompejana.
Furthermore, it has to be mentioned that epibiotlc bacteria are absent from the gills and feeding tentacles of Alvinella pompejana. It seems that the presence of sea water does not allow their colonization. The worms generally stay inside their tubes, only their buccal part being in contact with the ambient water.
The feeding tentacles are characterized by several kinds of epidermal secretory cells. As in other marine invertebrates, these cells exhibit varied ultrastructures. Their function, however, remains to be elucidated. In AnaitJdes mucosa, Hausmann (1982) found many kinds of mucous cells, but could not explain their function. On sectional preparations, one cannot even see whether they, in fact, correspond to different cell types, or whether they merely represent different phases of maturation of one cell type.
In our opinion, the ER-rich cell type differs principally from the others and all other secretory cells described so far for marine invertebrates from the point of view of their upside down position. That it is in such a position raises doubt as to how the secretory products are extruded. Since they always seem to be located adjacently to a basiepithelial nerve plexus, their function may be associated with nervous activity.
Another unusual feature is the ultrastructural diversity of mitochondria in different cell types. Our results indicate that there is good reason to believe that this diversity is an expression of their equally diverse tasks.
